Abstract: Total aortic arch replacement remains a technically formidable procedure, particularly in patients with previous proximal aortic dissection repair. Our case discussion highlights a useful strategy for extracorporeal support and circulation management to facilitate total arch reconstruction in the reoperative setting, based on cannulation of the left axillary artery. Our preference is to use a left axillary artery approach to initiate cardiopulmonary bypass and to ultimately revascularize the left arm via an extra-anatomic graft. Our technique, as described, affords the option to initiate cardiopulmonary bypass before sternal re-entry, it reduces the risk of embolic complications and possible stroke, and it directly facilitates simple extra-anatomic debranching of the left subclavian artery, resulting in easier arch and great vessel reconstruction within the chest. T otal aortic arch replacement after previous proximal repair of an aortic dissection remains a technically challenging operation. Although specific techniques for cannulation and arch reconstruction will obviously be dependent on individual patient anatomy and the specifics of their previous surgery, our preference has been to use a left axillary artery approach to initiate cardiopulmonary bypass and to ultimately revascularize the left arm via an extra-anatomic graft toward the end of the procedure, rather than to attempt to reimplant the origin of the left subclavian artery within the chest itself.
T otal aortic arch replacement after previous proximal repair of an aortic dissection remains a technically challenging operation. Although specific techniques for cannulation and arch reconstruction will obviously be dependent on individual patient anatomy and the specifics of their previous surgery, our preference has been to use a left axillary artery approach to initiate cardiopulmonary bypass and to ultimately revascularize the left arm via an extra-anatomic graft toward the end of the procedure, rather than to attempt to reimplant the origin of the left subclavian artery within the chest itself.
A 78-year-old woman with a history of an acute Stanford type A (DeBakey type I) aortic dissection 5 years ago, salvaged by aortic root replacement with a composite valve-graft conduit and replacement of the ascending aorta, now presents with progressive shortness of breath, associated with worsening chest and back pain.
Computed tomography imaging demonstrated significant aneurysmal dilatation of her distal aortic arch and proximal descending thoracic aorta (Fig. 1) , noted to be progressively enlarging over serial studies, and not deemed amenable to an endovascular solution. She was consequently referred for reoperative total aortic arch replacement.
SURGICAL TECHNIQUE
The left axillary artery is exposed via an infraclavicular incision, with precautions to avoid injuring the brachial plexus. An 8-mm synthetic graft is anastomosed end-to-side to this vessel. The graft is beveled and directed in such a manner so as to come off the anteroinferior aspect of the axillary artery (Fig. 2) , the gentle caudal curve in the graft being important to prevent kinking or undue torque when it is recycled later in the procedure for left upper extremity revascularization. The graft is subsequently cannulated, serving as the arterial limb for initiating cardiopulmonary bypass.
Percutaneous venous cannulation is performed via the right common femoral vein using a classic Seldinger technique.
A routine redo sternotomy is undertaken. The innominate artery is cannulated directly with a 7F standard-tip DLP aortic root cannula (Medtronic, Inc, Minneapolis, MN USA) that will be used for selective antegrade cerebral perfusion. During systemic cooling to 20°C, the patient's previous ascending aortic graft is cross-clamped and cardioplegia is administered. The left ventricle is vented via the right superior pulmonary vein. The innominate artery is clamped proximal to its cannulation site, and unilateral antegrade cerebral perfusion is initiated. The innominate artery is divided, its base is ligated, and a branched graft is anastomosed end-to-end to the distal portion of the divided vessel. The left common carotid artery is clamped, divided, and similarly anastomosed to one of the other trifurcate graft branches (Fig. 3) . Antegrade cerebral perfusion is continued but now feeds both cerebral hemispheres, because the branched graft can be clamped more proximally once the carotid anastomosis is complete, allowing flow into both great vessels.
Under conditions of hypothermic circulatory arrest, the aortic arch is resected, and the distal arch anastomosis is constructed just beyond the level of the left common carotid artery using a synthetic graft with a side arm that is subsequently cannulated to resume cardiopulmonary bypass. The arch graft is constructed in such a way to incorporate an elephant trunk within the proximal descending thoracic aorta to facilitate future interventions on the downstream aorta (Fig. 4) . The bifurcate branched graft to the great vessels is then attached to the new arch graft, and the proximal aortic anastomosis to the patient's pre-existing ascending aortic graft is completed as the patient is rewarmed (Fig. 5 ).
After termination of cardiopulmonary bypass, the left axillary artery side graft is delivered into the left chest and anastomosed end-to-end to the side arm of the arch graft that had been used to resume circulation after circulatory arrest (Figs. 6A, B) . The native left subclavian artery is thus effectively debranched. The innominate artery has been divided and anastomosed to one branch of a bifurcate synthetic graft. Unilateral selective antegrade cerebral perfusion is maintained via direct innominate artery cannulation, as shown. The left common carotid artery anastomosis is in progress; once this is complete, the clamp can be moved more proximally, such that both great vessels will then receive antegrade perfusion.
FIGURE 4.
A synthetic graft with a side arm is anastomosed to the native aorta, leaving an elephant trunk distally for use in downstream interventions should these be required in the future. The side arm of this new arch graft will be used to re-establish cardiopulmonary bypass after circulatory arrest.
The base of the left subclavian artery can either be ligated from within the chest, or it can be occluded using endovascular techniques via a left brachial approach at a later date.
Total cardiopulmonary bypass time for the case under discussion was 208 minutes, aortic cross-clamp time was 118 minutes, and circulatory arrest time was 38 minutes, all of which compare favorably with operative times reported by others for arch surgery, 1 particularly considering that our procedure was a reoperation. In addition, it is important to emphasize that, at no point during the procedure, was the brain devoid of antegrade perfusion (at least unilaterally)-this is one of the advantages of this particular technique of arch reconstruction.
DISCUSSION
Reoperative total arch replacement remains a formidable procedure, associated with complex circulatory management. Bajona et al 2 analyzed patients who required arch surgery after a previous type A dissection repair, using both central and femoral arterial cannulation. Selective antegrade cerebral perfusion was used in 65% of all patients; retrograde cerebral perfusion was used in 4% of the cohort. The perioperative mortality rate was 5%, associated with a 7% perioperative stroke rate; overall 5-year survival was 77%. These 5-year survival rates are approximately 10% lower than would otherwise be expected in an ageand sex-matched population. Although aortic arch reoperations would ordinarily be considered to reduce one's life expectancy, we believe that different strategies of circulation management may improve patient outcomes beyond these thresholds.
Selecting an appropriate site for arterial cannulation can be complex for a patient with an aneurysmal, chronically dissected aortic arch, particularly after previous proximal aortic repair. Established arterial cannulation strategies in reoperative aortic arch strategy are not without their pitfalls. Di Eusanio et al 3 found that in patients who underwent arch surgery, femoral arterial cannulation was associated with a 10.3% mortality rate. Permanent neurological dysfunction was also found to be more common in those patients cannulated via the femoral artery (8.1%), as compared with those individuals cannulated centrally (5.5%). This is not surprising, given the inherent thromboembolic risk associated with femoral arterial cannulation, especially in the setting of an atherosclerotic, calcified, or dissected descending aorta. Femoral cannulation can also potentially cause a malperfusion syndrome by preferentially perfusing the false FIGURE 5 . The branched graft to the cerebral vessels is anastomosed to the new arch graft, and the proximal anastomosis to the patient' pre-existing ascending aortic graft is completed. lumen in a dissected aorta; lower limb ischemia can be a further possible complication, particularly in longer operations such as reoperative arch surgery. This can be further associated with lower limb compartment syndrome, retrograde dissection of the iliofemoral vessels, and/or retrograde embolization of iliofemoral atherosclerotic debris. 4 Access to the ascending aorta for cannulation is necessarily dependent on safe sternal re-entry, and it does not, in and of itself, facilitate easier reconstruction of the great vessels. Not uncommonly, the ascending aorta has already been replaced in the patient's primary operation, thereby mandating cannulation of the synthetic neoaortic graft, posing additional technical challenges.
Axillary artery cannulation tends to be the preferred cannulation site for reconstruction of the ascending aorta or aortic arch because it allows for antegrade systemic blood flow during cardiopulmonary bypass, and it simplifies selective antegrade cerebral perfusion during hypothermic circulatory arrest. 5 The axillary artery is usually free of significant atherosclerotic disease, and the integrity of the vessel is rarely jeopardized by dissection. Despite the popularity of using the right axillary artery for cannulation in a primary aortic operation, it is more prone to direct injury requiring repair on subsequent use. 6 Potential cannulation complications, although not common, can include retrograde type A aortic dissection, upper extremity compartment syndrome or arm ischemia, brachial plexus injury, inadequate cardiopulmonary bypass flow, and/or malperfusion. 7 Importantly, because the right axillary artery has often already been used in a patient's initial aortic procedure, it is rarely virgin territory for repeat cannulation in a reoperation.
The left axillary artery affords a potentially excellent option in this situation, because the vessel has almost never been previously operated on, and it can significantly reduce the complexity of the arch reconstruction.
Cannulation of the left axillary artery affords a number of advantages in reoperations. The surgeon has the option of initiating cardiopulmonary bypass before sternal re-entry, if so desired. Left axillary artery cannulation facilitates quick and easy debranching of the left subclavian artery; this mitigates the need to reconstruct the left subclavian artery in its anatomic position, which is often one of the more challenging anastomoses to complete in a conventional arch replacement, particularly in a reoperative field. This further reduces the deep dissection that would otherwise be required within the chest and thereby lowers the risk of recurrent laryngeal nerve injury. This solution allows the distal aortic arch anastomosis to be constructed more proximally, making this technically easier to complete, and it also eliminates the need for a separate, extra-anatomic left common carotid to subclavian artery bypass, a procedure with its own inherent morbidity and potential for complications.
Our surgical technique, as illustrated (Fig. 7) , effectively addresses the aneurysmal aortic arch, while keeping all options open for dealing with the downstream aorta, should this be required down the track. Our patient was extubated on the first postoperative day and was discharged home on the seventh postoperative day.
Although a detailed analysis of all of our patient outcomes is beyond the scope of this discussion, we have, to date, employed this technique in 15 cases of reoperative arch surgery for the past 3 years, without any perioperative mortality, and, importantly, with a stroke rate of zero. Indeed, as mentioned, one of the strengths of our surgical strategy is that the brain is not deprived of antegrade perfusion (at least unilaterally) during any point of the operation. One should also be aware that the newly constructed arch graft and branches to the great vessels may be at potential risk in a future reoperation, given their ultimate proximity to the posterior aspect of the sternum, highlighting the importance of appropriate imaging and planning in these difficult cases.
In cases where traditional cannulation is less than straightforward, left axillary artery access offers a viable alternative. This technique provides the option to initiate cardiopulmonary bypass peripherally, before sternal re-entry, it reduces the risk of arterial thromboembolism and stroke, and it facilitates simple extra-anatomic debranching of the left subclavian artery, allowing easier arch and great vessel reconstruction within the chest. We suggest that surgeons may wish to consider this option in reoperative aortic arch surgery.
